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(54) Fluid distribution symtom for solid oxide fuel 

(67) An atoctrode fluid dbtrfcutor Includes a fluid 
passageway (204) having a plurality of aagmant pai™ 
each Including an Inlat aeomant (232) In fluid eommurt- 
cetiDn with an Inlet and an outlet segment (234) In fluid 
communication with an outlet. A baffle (242) la dlaposed 
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between adjacent Inlet (232) and nutlet segments (234), 
Each Inlet segment (232) a fn fluid communication wtth 
adjacent Inlet segment* (232) and adjacent outlet aeg- 
menta (234), and each outlet segment (234) Is In fluid 
communication with adjacent outlet segments (234). 
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Description 
TECHNICAL FIELD 

[0001] The present disclosure relates to soBd oxide 
f not cells, and mora particularly relates to a solid oxide 
-fuel coll structure Including a fluid distribution systam. 

BACKGROUND 

[0002] Alternative transportation fuels havo been rep- 
resented a* enactors to reduce toxic emissions In com- 
parison to those general by cenvernlonal fuels. At the 
same time, tighter amission standards and significant 
Innovation in catalyst fomnulatJono and engine control* 
have led to dramatic Improvements In the low emission 
performance end robustness of gasoline and dlosel en- 
gine systems. This has certainly reduced the environ- 
mental different la] between optimized conventional and 
aftematlv* fuel vehicle systems. However, many tech- 
nical challenges remeun to make the conventionally 
fueled Internal combustion engine a nearly zero emis- 
sion pystern having the efficiency necessary to make the 
vehicle commercially viable, 

[0009] Alternative fuel* cover o wide spectrum of po- 
tential environmental benefits, ranging from Incremental 
toxic and carbon dioxide (CO&) emission Improvements 
[reformulated gasoline, alcohols, liquid petroleum gas. 
etc.) to significant toxic and CO fi emission hmprove- 
mante (natural gas, dlmethyfether, etc.). Hydrogen la 
clearly ths ultimate envlronmentsJ fuel, with potential as 
a nearly amission free interna] combustion engine fuel 
(Including CO a If It cornea from a non-fossil source). Un- 
fortunately, the market-based economics of alternative 
fuels, or new power train systems, are uncertain In the 
short to mkJ-tenm. 

[0004] The automotive Industry has made very signif- 
icant progress In reducing automotive emissions In both 
the mandated test procedures and the "real world". This 
has resulted In some added cost and complexity of en- 
gine management systems, yet those costs are offset 
by other advantages of computer controls: Increased 
power density, fuel efficiency, drtvablllty, rati ability and 
real-time diagnostics. 

[0005] Future Initiatives to require zero emission ve- 
hicles appear to be taking us Into a new regulatory par- 
adigm where asymptotically smaller environmental ben- 
efits oome at a very large Incremental cost Yet, even an 
"ultra low ■mJaejon" earth* led vehicle can emit high emis- 
sions In Bmtted extreme ambient and operating condi- 
tions or with felled or degraded components. 
[0003] One approach to addressing the Issue of emfe- 
niene Is the employment of fuel cells, particularly eolld 
oxide fuel cells ("SOFC"), In an automobile. A fuel cell 
la an energy conversion cfevlce that generates electricity 
end heat by electrochemlceily combining a gaseous fu- 
el, ouch as hydro can, carbon monoxide, or a hydrocar- 
bon, and an oxidant, ouch as air or oxygen, across an 
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lon-conduating electrolyte. The fuel cell converts chem- 
ical energy Into electrical energy. A fuel eel generally 
consists of two electrodes positioned on opposite* of an 
electrolyte-- The oxidant passes over the oxygen eiec* 

5 trode (cathode) while tne fuel passes over the fuel elec- 
trode (anode), goneraing electricity, water, and heat. 
[0007] SOFC 1 * are constructed entirely of aolld*etarte 
materials, utilizing an ton conductive oxide ceramte as 
the electrolyte, A conventional electrochemical can In a 

10 SOFC Is comprised of an anode and a cathode wtih an 
electrolyte disposed therebetween. In atypical SOFC, 
a fuel flows to the anode where It Is oxidized by oxygen 
Ions from the electrolyte, producing electrons that ere 
released to ths external circuit, and mostly water and 

is carbon dioxide are removed In the fuel now stream. At 
the cathode, the oxidant accepts electrons from the ex- 
ternal circuit to form oxygen lona. The oxygen Ions mi- 
grate across the electrolyte to the anode. The flow of 
electrons through die external circuit provides for con* 

** sum able orstoraW s d*etrlchy. However, each Individual 
electrochemical cell generatee a relatively email volt- 
age. Higher voltage* are attained by electrically con- 
necting a plurality of electrochemical cells In aerlea to 
form a stack. 

*s [0008] The SOFC cell stack also Includes conduits or 
manifolds to allow passage of the 1ue1 and oxidant Into 
and byproducts, as well as excess fuel and oxidant, out 
of the stack. Generally, In certain cell configurations, ox- 
idant Is fed to ths structure from a manifold located on 

so one sWe of the stock, while fuel la provided from a man- 
ifold located on an adjacent aide of the stack. The fuel 
and oxidant are generally pumped through the mani- 
folds. From the manifolds, the fuel and oxidant are sep- 
arately introduced to fluid distribution surfaces on an ap- 

J3 proprlate structure such as an Interconnect between 
cefis or an end cap. The fluid Distribution surfaces are 
positioned in fluid communication with the appropriate 
electrode, with the SOFC efficiency related, In part to 
fluid distribution across the surface of the electrode. 

40 rpooe] nypicaiy, fuel Is Introduced at the edge of the 
Interconnect reacts wah the electrode. The reaction (at 
an anode) generally creates electrons and water, 
wherein the water mixes with the fuel flowing across the 
electrode. Therefore, certain regions of the electrode 

4* are prone to dMftfehed current density, since the fuel 
used at certain regions contains spent fluid, thus a de- 
creased concentration In fuel 

(0010] What Is needed In the art Is an enhanced struc- 
ture for distributing fluH to electrodes of SOFCa, partfe- 
so ularty for distributing fresh fuel to anodes of SOFCa, 

SUMMARY 

[0011 J The drawbacks and ensadvarttaoes of the prior 
ss an are overcome by an electrode fluid distributor In- 
cludes s fluid passageway having a plurality of adjacent 
pairs of segments each Including an Inlet segment In flu- 
Id communication with an Inlet and an outlet segment In 
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fluid communication with on outlet A baffle Is disposed 
between adjacent Inlet and outlet segments. Each Inlet 
segment la In fluid communication with adjacent ^lot 
segments and adjacent outlet esgm&rrta. and each out- 
let segment Is In fluid communication wfth adjacent out- 
let segments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 S] Referring now to the figure*, whbh are mo ant 
to be exemplary not Bmrtfng. and wherein like elements 
are numbered alike In the several figures. 

Figure 1 is an expanded bometrfa view of a SOFC. 
Figure 2 la a schematic ol the operation of a SQT=C> 
Figure 3 la a partial plan view of a fluid distribution 
system according to one embodiment 
Figure 4 la a partial Isometric view of a fluid pas- 
sageway employed within the fluid distribution aye- 
tern of Figures. 

Figure B Is a sectional view along lines 5-5 of Figure 
4. 

Figure a Is a sectional view along Knee 8-8 of Figure 
4. 

Ftgure 7 le a partial plan view of a fluid distribution 
system according to another embodiment. 
Figure 8 Is a schematic of a SOFC system Incorpo- 
rating the fluid distribution system. 
Figure 9 Is a aohemaile of another SOFC system 
Incorporating the fluid distribution system. 

DETAILED DESCRIPTION 

[091 3] Different types Of SOFC cystoma exist, includ- 
ing tubular or planar systems. These various systems, 
while operating with different cell configurations, have 
similar functionality. Therefore, reference to a particular 
cell configuration and components for use within a par- 
ticular coH configuration are Intended to also represent 
similar components In other cell configurations, where 
applicable. 

[0014] Generally, the system may comprise at least 
one SOFC, an engine, one or more heat exchange rs t 
and optionally, one or more compressors, an exhaust 
turbine, a catalytic converter, preheating device, piss* 
matron, electrical source (e.g., battery, capacftor, motor/ 
generator, turbine, and the like, as wen as combinations 
comprising at least one of the foregoing electrical aourc- 
ee>, and conventional connections, wiring, control 
valves, and a multiplicity of electrical bade, including, 
but not limited to, lights, resistive heaters, blowers, air 
conditioning compressor*, starter motors, traction mo- 
tors, computer systems, radio/stereo systems, and a 
multiplicity of sensors an d actuators, end the ilka, as well 
as conventional components, 

[DDIS] One configuration ol s SOFC includes a Steele 
of planar SOFC'a. An electrochemical cod stack 10 Is 
Illustrated In Figure 1 , A fuel electrode or anode 3d and 



an oxygen electrode or cathode 50 are disposed on op- 
posite sides of a solid electrolyte 40. An end cap 20 In- 
cludes a surface 22 that Is configured for disposal adja- 
cent to the anode 30 for both electrical contact and also 

* to provide fuel distribution. An Interconnect 24 Includes 
s first Interconnect surface 26, and a second Intercon- 
nect surface 26. Surface 2B is configured for disposal 
adjacent to the oathode 50 to provide oxidant distribu- 
tion and electrical Contact, and surface 28 Is configured 

io lor disposal adjacent to an anode 32 of another SOFC. 
Anode 32 Is disposed adjacent to Interconnect 24 to tl» 
lustnete the placement of and ability to stack several 
electrocriembal cello connected to electrochemical cell 
10. 

75 [DDI 6] The solid electrolyte 40 of the electrochemical 
cell 10 can be an Ion conductor capable of transporting 
oxygen lens from the cathode 50 to the anode 3D, that 
Is compatible with the environment In which the SOFC 
will be utHfeed (e.g., temperatures of about — 40*C up 
» to about 1 ,000" C), Generally, solid electrolyte materials 
hclude conventional materials, such as ceramics and/ 
or metala (e.g., alloys, oxides, gallatas, and the like), 
Including zirconium, yttrium, calcium, magnesium, alu- 
minum, rare earths, and the like, es Well as oxides, gal- 
J" late*, alumtnates, combinations, and composites com- 
prising si least one of the foregoing materials. Prefera- 
bly the electrolyte Is a rare earth oxide (such as yttrta, 
gedoltnla, neodymla, ytterWa, erbta, eerie, and the like) 
doped wtth sJlevallent oxtde(a) (such as magnesia, cal- 
30 eta, etronife, and the Dice, and other +2 valence metal 
oxides). 

[0017] The anode 30 and cathode 60, Which form 
phase boundaries (gas/electrolyte/cataryst partible; 
commonly known as triple points) with th s electrolyte 40, 

w can be disposed adjacent to or Integral with the electro- 
lyte 40. The anode 30 and oathode 50 are generally 
formed of a porous material capable of functioning as 
ah electrical conductor and capabl e of facilitating the ap- 
propriate reactions. The porosity of these materials 

49 should be sufficient to enable dual directional flow of 
gases (e.g., to admit thefuel or oxidant oasas and permit 
exit of the byproduct gases), wtth a porosity of about 
20% to about 40% porous, typically preferred. 
IP018] Thecornposmonof the an ode 30 and cathode 
50 can comprise elements such as zirconium, yttrium, 
nickel, manganese, strontium, lanthanum, Iron, and co- 
balt, samarium, calcium, proaeodynium, and, oxides, ah 
bya, and combinations comprising at least one of the 
foregoing elements. Preferably, the anode material Is 

so formed upon a ceramic akeleton, euch as nickel oxide- 
yttrta-stablfeftd zirconla, and the like, for thermal oom- 
paHbUlty. 

[0019] Other or both the anode 30 and the oathode 
SO can be formed on the electrolyte 40 by a variety of 
55 techniques Including s puttering, chemical vapor depo- 
sition, screen printing, spraying, dipping, painting, and 
stenciling, among others. The electrodes are disposed 
typically about 1 0 to about 1 ,000 microns or so In thk*- 
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ness. In the anode supported case, tho anode te prefer- 
ably about 1 ,000 microns, tha electrolyte about 10 mi- 
crons, and the cathode about 40 mf. one. 
[0020] The electrochemical caflV an be electrically 
connected with other electrochemical cells by using for 
example, Interconnect 24. Depending upon tha geome- 
try of the &OFC, the fuel end tha oxidant flow through 
the electrochemical ceO 1 0 Via the passageways of the 
end cap 20 and the Interconnect 24. The end cap 20 
and tho Interconnect 24 are generally formed of a ma- 
terial capable of Withstand i>g the pressures and tem- 
peratures of the SO FC, and capable of conducting elec- 
tricity. For example, suitable end cape and Interconnects 
can be In the form of mats, ffosrs (chopped, woven, non- 
woven. Kong and the Ilka) which are capable of with- 
standing automobile operating conditions (e.g., temper- 
atures of about -40°C to about 1,000*0) and are elec- 
trically conductive material compatible with the oxidizing 
or reducing nature of the fuel cell environment. Soma 
possible end cape and Interconnects can comprise ma- 
terial* such as silver, copper, ferrous materials, stron- 
tium, lanthanum, chromium, chrome, gold, platinum, 
palladium, nickel, titanium, oontUctlng ceramics (S,g„ 
doped rare earth oxides of chromium, manganese, co- 
balt, nickel, and the like; doped riroonla. Including, z\t- 
oonla doped wltfi titanium, copper, end the like), and the 
like, ee well as alloys, oxide*, cermets, composites, and 
combinations comprising at lead one of the foregoing 
materials. 

[0091] Each Individual electrochemical cell 1 0 com- 
prising a single anode 30. a single electrolyte 40, and a 
single cathode SO, generates a relatively small voltage, 
generally from about 0.5 to about 1 ,1 volts. Higher volt- 
ages are attained by elecblcasy connecting a plurality 
of electrochemical cells m serlas to form a stack. Tha 
total number of cells forming a stack can range from 2 
to several hundred, depending on power requirements, 
space and weight restrictions, economics, and the Ilka. 
[0022] Tha dimensions of each cell may vary gener- 
ally depending on the spaclal requirements and the de- 
sired output Generally, SOFCs may be employed In ar- 
eas ranging from a microscopic scale, wherein each call . 
has an area of several mterone squared, to an Industrial 
power generation scale, such as hi a power plant where- 
in each cell has an area of several mstera squared. Par- 
ticularly useful dimensions tor SOFC'a employed In au- 
tomotive applications are between 50 and 200 squared 
centimeters per cell (cmtfceU), but It will be understood 
that these dimensions may vary depending on various 
design considerations, 

[O0Z3] In operation, the stsotrochemlcal cell 10 pro- 
duces a current fl cw a» Illustrated by current flow arrows 
00, 60* In Figure 2. Oxidant gasss, sueh as oxygen or 
aJr, can be Introciiced to the cathode aide of the oell, 
flowing as illustrated by tha oxidant flow arrows 04, 64', 
34\ The oxidant reoervea the flowing electrons (*') and 
converts them Into oxide Ions (O^), which diffuse 
through the electrolyte 40 to the anode 30, as depicted 



In the following reaction: 

[0024] At the anode, the oxide Ions react with a fuel, 
ouch as hydrogen, carbon monoxide, methane, other 
hydrocarbons, Of a combination comprising at toast ona 
of the foregoing fuels, which Is Introduced to the elec- 

to trochemteal call 1 0 as Illustrated by the fuel flow arrows 
B2, 62\ 62", The reaction of the fuel and oxide lona pro- 
duces electrons (a-), which flow outside of tha electro- 
chemical cell 10 to the external circuit 70 and back to 
the cathode 50. The fuel/oxide fan reaction to depicted 

16 &i the following reactions: 

H z +C? H 2 0 + 2e 
*o (when fuel Is hydrogen) 

** (when fuel la csubon monoxide) 

CH A +4oP" ^ZH z O^CO z -¥ Be* 

so (when fuel la methane) 

Unreactedfual and byproducts, such as water or carbon 
monoxide, sxt the electrochemical cell 10 In the fuel 
stream, as Illustrated by fuel stream arrow sa, while ex- 
cess oxidant axfts the electrochemical cell 10, as INua* 
as tratad by oxidant it roam arrow 68. 

[00251 Bssbally, the electrolyte 40 conducts these ox- 
ide lone (0-2) between the anode 30 and the cathode 
50, malntalnhg an overall electrical charge balance. 
"The cycle of flowing electrons (©") from the anode 30 
40 through the external clrcu It 70 to the cathode 60 creates 
electrical energy for harnessing. This electrical energy 
can be directly uttttead by the vehicle to power various 
electrical parts, Including, but not limited to, Harris, re- 
sistive heaters, blowers, air conditioning compressors, 
' 4S starter motors, traction motors, computer systems, ra- 
dio/stereo systems, and a multiplicity of senaore and ac- 
tuators, among others. Unlike electricity generated In 
conventional motor vehicles, th» electricity produced by 
the SOFC h direct current which oan be matehad to the 
jo normal system voltage of the vehicle. This minimizes or 
avoids the ne«d for devices e uoh as dl odes, voftage cc 
version and other losses, such as reslerJvs losses In i v * 
wiring and In/out of the battery, associated with conven- 
tion el vehicle systems and traditional hybrid electrical 
bs eystemo. This high efficiency electricity allows eJeetrm- 
catlon of the vehicle, Including f uncttona auch as air con- 
dltlonlng and others, while allowing weight, fuel econo- 
my and performance advantage* compared to conven- 
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ssgawey 204 decree*©* from the outer odga to the point 
203, tha width of segments 232, 234 correspondingly 

[0036] Tha aagment* 232, 234 are bound In the radial 
direction by a pair of walls 224, and an* separated from 
adjacent fluid passageways by a pair of aldewails 220. 
Each of tho segment* 232, 2341s In fluid communication 
with a portion of tho electrode 21 0 (wherein each portion 
la hereinafter referred to as tha ■aogmantal eUctrode 
portion"). Therefore, since tha Width at segments 232, • 
234 decrease In the radial direction, tho area of aaoh of 
tha segmental electrode portions otooreases from a larg- 
or area to a amallar area In tha radial direction. 
[0037] To segregate the aurtac* 200 (Figure 3) com- 
prising fluid passageways 204 from tha oppose* sur- 
face, a separator 220 to formed. Separator 220 can be 
on and portion of an and cap or a dividing portion be- 
tween two eldaa of an rntsrconnect. Tha walla 224 and 
tha eJdewalls 228 generally extend from the separator 
220 such that at least a portion of aaoh wall 224 and at 
least a portion of each sldewsJI 228 abut the electrode 
210. Those portions that abut the electrode 21 0 provide 
both electrical contact and f hjld aggregation between 
eegments and between adjacent fluid pe*aageways. 
Generally, sufficient electrical contact la provided for the 
respective eiza, load demands, operating conditions, 
and the Ilka. Typtealy an electrical contact area of at 
least about 5%, with at least about lOtt preferred, and 
about 1 0% to about 26% especially preferred, based up- 
on the area of anode 201 . The electrical contact Is gen- 
erally via the edges of walla 224, 226. 
[0038] Each pair of segments comprising an Inlet seg- 
ment 232 and an outlet segment 234 are separated by 
a baffle 242. Fluid communication between the Inlet seg- 
ment 232 and the outlet segment 234 la at least partially 
hindered by tha baffle 242, tn one embodiment, the baf- 
fle 242 Is positioned between a pair of walla 224 such 
that an opening 244 la created between the baffle 242 
and the electrode 210, Alternatively, openings may be 
provided within the baffle 242. Further, one or more al- 
ternative openings may be combined with the opening, 
244, Such alternative openings may comprise notes, 
slots, apertures, pores, or other discreet openings which 
enable sufficient fluid communication between tha seg- 
ments ZX> and 234. Any of these alternatives may pro- 
vide certain turbulence between segments 232 and 234 
[cross turbulence) during operation, resulting In vorti- 
ces. These may be desirable for Improved mixing of the 
fuel and exhaust products. 

[003 B) For fluid communication In the radial direction, 
each wall 224 comprises a Mist opening 252 and a sec- 
ond opening 254. A plurality of first openings 262 form 
an inlet channel through * plurality of corresponding In- 
let segments 232. and s plurality of second openings 
254 form an outlet channel through a plurality of corre- 
sponding outlet segments 234, The Inlet channel Is In 
fluid communication with a feed fuel manifold, and the 
outlet channel la In fluid communication wtth aapentfuel 



manifold. To generate the driving fores, the pressure m 
the feed fuel manifold la maintained at a higher level 
than tha pressure In the spent fuel manifold. The pres- 
sure differential may be based on the Inherent pressure 
5 drop through the passage, or l optionsliy may be ad- 
Justed based on target flow, varying crasa-seetlon of the 
opening, or the like. 

[0040] Openings 252, 254 may be formed ss cut away 
portions having atop gettsrally bound by separator 220, 

10 ss shown* Alternatively, openings may be provided etee- 
. where on the wall 224. Further, one or more alternative 
openings oompriaing holes, slots, or other openings, 
may be oornWned with the openings 252, 254. Still fur- 
ther, openings 254 and openings 2S2 maybe configured 

73 and dimensioned differently or Identical to one another, 
as wen as tha same aa or Afferent from each other open- 
ing 254. 252, respectively. Possible opening geometries 
range from muW-slded, e.g., sarrB-rectsngular, seml- 
hexegonal, or other semi -polygonal shape, to smooth, 

£0 e.g., semi-circle, semi-elliptical, and the like, 

[0041] Further aftam&tive configurations may also 
provide for some fluid communication between adjacant 
fluid passageways 204. This may be provided lor by 
forming ell or part of the walls 22S wtth a porous material, 

2* or by forming openlnga on the walls 228. Any of these 
alternatives may provide certain turbulence between 
proximate fluid passageways during operation, resulting 
In vortices. H owever, In order to attain the desired fluid 
dtstrfeutfon across the electrode, the amount of fluid 

30 communication allowable between fluid passageways 
204 la preferably minimal as compered to the tVikJ flow 
In the radial drectlon 

[0042] The surface 200 Including the fluid passage- 
ways 204 may be formed by venous techniques, Includ- 
es ing but not limited to, machining, casting, molding, mill- 
ing, ©hemlcal etching, and the Ike, aa wail as any com- 
bination comprising at least one of the foregoing tech- 
niques. 

[0043] Dueto the fluid passageway 204 configuration , 
40 each segment 232 and 234 are contacted with substan- 
tially fresh fuel. Essentially, the surface 200 Is positioned 
adjacent to a fuel electrode, and stead fuel Is Introduced 
Into tho Inlet channel ganeraty via the feed fuel mani- 
fold. The feed fuel passes through the plurality of the 
^s nrat openings 252 In the radial drectlon, generally Indi- 
cated by arrows 31 0. As thefeedfuelf lows through each 
of the Inlet eepjnents 232, fresh fuel flows toward the 
segmental electrode portion proximate to the associat- 
ed inlet segment 232 In s direction generally Indicated 
so by the arrows 320. Additionally, fresh Mel along with 
spent fuel from the electrode portion proximate to seg- 
ment 232 flows through the opening 244 to the outlet 
segment 234 tn a direction generally Indicated by the 
arrows 330. Therefore, fluid * substantially overtly di- 
ss rected to electrode portions defined by the pairs of seg- 
ments 232. 234 (as opposed to the fluid bleeding or flow- 
ing across em electrode whereto spent fuel and freeh fuel 
combined are directed Into the individual segments). 
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[0044] At each inlet aagment electrode pomon , the fu- 
el generally reacts to form wsbr electr on» that energize 
the external circuit as described generally above with 
respect to Figure 2* The resultant water and any unre- 
acted fuel (hereinafter th e spent fluid) now from the InVet 
segment 232 through th* opening 244 to the outlet seg- 
ment 234 In a direction generally mdieated by the arrows 
330, The apart fluid from the outlet aegmems 234 exit 
via the second opening* 254 In a direction generally in- 
dicated by arrows 340, and exit the fluid passageway 
204 In a direction generally Indicated by arrows 350. 
[004E] Whan the openings are suitably configured 
and dimensioned, substnntlaty fresh fual distributed to 
each pair of Inlet segment 232 and outlet segment 234 
as described above. More particularly, openings should 
be configured and dimensioned such that the same flow 
rate oTttie same concentration fuel Is achieved per area 
unrt of tne cell, In fluid passageway 204, this Is accom- 
plished generally by varying the area dimension of the 
opening from large to email In the radial direction, Al» 
though th a segmental electrode erase and the widths of 
the aegments 232, 234 decrease In the radial direction, 
the height of the openings 252, 264 may vary or prefer- 
ably remain substantially uniform. 
[0046] For aocsmple, a suitable fluid passageway 204 
may have the following dimensions: a width between 
walla 226 of about 0.1 millimeters rrnm p ) to about 50 
mm, preferably about 1 mm to about 20 mm, and more 
preferably about 8 mm to about 1 2 mm; a height of wan 
220 Of about 0.1 mm to about 5 mm, preferably about 
0.1 mm to about ^ mm, and more preferably about 0.3 
mm to about 0.7 mm: and openings 244 of about 0.05 
mm to about 0,5 mm, preferably about O.os mm to about 
0.2 mm, and more preferably about 0.0B mm to about 
0.12mm. Poeelbta aaernatWeconflgurauonsforthe fluid 
passageway are provided Hi Figures 7 and 6. Figure 7 
shows a partial top view of a surface 300 comprising a 
plurality of fluid passageways 304, which are similar In 
detail to fluid passageways 204. Generally, fluid flows 
Into an Inlet In the direction Indicated by arrow 350, and 
peases across an electrode via the pluratty of fluid pas- 
sageways 304, which are substantially parallel to one 
another and each have substantially the same width 
across the length of the electrode. In tills embodiment, 
the outlet fluid may exit on the opposite side of the inlet 
fluid h a direction Indicated by arrow 3ft0, typically with 
suitable manifolds end a suitable pressure difference 
between the Inlet conduit and the outlet conduit. Alter- 
natively, the spent fluid may exit at the same sloe as the 
Inlet fluid using openings similar to 252k 264. and 244. 
[0047] In t ha fl utd passageway 304, the width remains 
substantially the same. Therefore, to achieve approxi- 
mately the same flow rate of the same concentration fue! 
Is achieved per area unit of the cell, the area dimension 
of the opening may be varied from large to smell gener- 
ally In the direction or Inlet flow or the width of the seg- 
ments can be varied, e.g., wtth segments 232 having a 
greater width than segments 234. Since the eepnental 
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electrode area and the width of the fluid passageway 
304 remain subetanttalr/ the same, the' height of open- 
ings similar to the openings 252 and/or 254 may be var- 
ied from large to email generally In the direction of Inlet 
flow. 

[0048] Referring now to Figure B, an Interconnect 930 
to provided. A portion 932 comprises a surface similar 
to surface 200 described above. Portion 932 a at least 
partial V In fluid communteatton with an anode 912 of a 
first cell B 1 0. The first cell 91 0 com prises the anode 91 2 , 
an electrolyte 914, and a cathode 31 6. The Interconnect 
930 comprises portion 932 on one aide thereof, and an* 
other portion 934 on the opposite side or interconnect 
930, where portion 934 la designed similar to or different 
rromportlon 932. At least a portion of portion g&4 la at 
least partially In fluid communication with a cathode 928 
of a second eel 920. Second cell 920 comprises cath- 
ode 920, anode 322, and an electrolyte 924. 
re049] In another embodiment, and referring now to 
Figure 9, a oeH system 1ddo comprises an end cap 
1 020. End cap 1020 may be used adjacent to a first call 
In a stack. At least a portion of end cap 1 020 is at least 
in partially fluid communication with a cathode 1 01 2 of 
a cell 1010. Cell 1010 comprises the cathode 1012. an 
electrolyte 1 014, and an anode 1016. 
[00801 The benefits of thef bid distribution surface de- 
sign Include providing a substantially unf orm fluid dis- 
tribution across the surface of the electrode. The" uni- 
form fluid distribution, which Is preferably uniform In both 
flow rata and concentration, allows for Increased current 
density, an overall Increase In cell output, deeraaaed fu- 
el waste, capability to produce smaller cells, optimal us- 
age of available cell area, elimination of macro scale 
temperature gradients which adversely affect durability, 
among other benefits. 

[0051] While preferred embodiments have been 
shown and described, varioue modifications and substi- 
tutions may be made thereto without departing from the 
spirit and scops of the invention , Accordingly, It la to be 
understood that the apparatus and method have been 
described by way d illustration only, and such illustra- 
tions and embodiments as have been dlsolosed herein 
are not to be construed as limiting to the claims. 
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1. An electrode fluid distributor, comprising: 

a fluid passageway (£04) having a plural try or 
adjacent eegrnont parrs each comprising an In- 
let segment (232) and an adjacent outlet seg- 
ment (234), eald Inlet segments (232) In fluid 
communication with an Inlet, a said outlet seg- 
ments in fluid communication with an outlet, 
and a beffle (242) disposed between adjacent 
Inlet (232) and outlet segments (234), 
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wherein each inlet augment (232) la la -fluid 
communicator) with adjacent inltf segments (232) 
and adjacent out tot segments (234), and further 
wherein each outlet fragment (234) Is In fluid com- 
munication with adjacent outlet segment* (234). 

2. The electrode f luW distributor as In daJm 1 , the baf- 
fle (242) having a battle first aide and a baffle asc- 
end side opposite the baffle flrat side, wherein at 
leapt one hlet eegment (232) Is in fluid communtea- fo 
tion with an adjacent outk*t segment (234) via a pas- 
sage (244) at the baffle first aide. 

3. The etoctn^e fluid dtetrfouw 
Jacant eegment palra asperated by a wait (224} hav- ** 
Ing a first well aide corresponding with the first baffle 
side and a eeoond wall aide corresponding with the 
second baffle slde r wherein at least one Inlet seg- 
ment (232) Is In fluid communication with an adja- 
cent Inlet segment (232) via a passage (252) at the *> 
wall first aide. 

4. The electrode fluid distributor as In claim 2, the ad- 
jacent Aegment palra separated by a wan (224) hav- 
ing aftret wall aide corresponding wfth the first baffle 25 
side and a second wall aide corresponding with the 
eeoond baffle aide, wherein at least one outlet seg- 
ment (234) Is In fluid eomrnuntcatJDn with an adja- 
cent outlet eeam ant (234) via a passage (254) at 
the wai second aide. *° 

6. The electrode fluid distributor as In claim 1 f the ad- 
jacent aegmefit palra separated by a wall (224), 
wherein fluid communication between the adjacent 
Inlet segments (232) la with a plurality of first open- *s 
Inga (252) on the wall (224) each hevfag a first open- 
ing area, and wherein fluid communication between 
the adjacent o utiet segments (234) to wfth a plural fry 
of second openlnga (254) on the wall (224) each 
having a second opening area. *° 

6. The electrode fluid distributor as In claim 5, further 
comprising a plurality of fluid passageway* (204) 
each having a length extending radially from an 
edge of the distributor to a point (208) on the die- ** 
tnoutor, each aegmampaJrcharsctorired by an ax- 
ial width and a radial length, wherein the segment 
pair axial width of adjacent segment pake decreea- 
es and the radial length of adjacent segment pairs 
remains substantially the same in the direction of *> 
the length of the fluid passageway extending radi- 
ally from tha edge of the diet ributarto the point (208) 
on the distributor. 

7. The electrode fluid distributor** in claim 8, wherein as 
adjacent segment pairs h*v« first opening (262) ar- 
eas end second opening (254) areas that vary pro- 
portionally with the variation In axial width. 
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8. The electrode fluid distributor as In claim 5, the fluid 
paeaageway (204) having a dimension, the adja- 
oent aegment pairs characterized by a width and 
a length, wherein tha width remains substantially 

s the same and the length remains tha same along 
the dimension of the fluid passageway (204), 

9. The electrode fluid distributor aa In claim a, wherein 
aajaeent segment pairs have first opening (252) ar- 
eas and second opening (254) areas that vary ai ong 
the dlmen&lon of the fluid passageway (204). 

. The electrode fluid distributor aa tn claim 6, tha fluid 
passageway (204) having a dimension, the adja- 
cent aegment pairs characterized by a width and 
a length, wherein the wkfth remains substantially 
the same and the length varies along the dimension 
of the flu Id passageway (204). 

. The olDctrooe ffcild dUrtrfcutor as In claim 1 0, wlieni- 
in adjacent segment pairs have flret opening (252) 
areas and second opening (254) areas that vary 
proportionally with the variation In segment pair 
length along the dimension of the fluid passageway 
(204). 

12. The electrode fluid distributor as In claim t , further 
comprising a plurality of fluid passageway* (204) 
each extending radsfly Irorn an edge of the distrib- 
utor to a point (208) on the distributor. 

13. The electrode fluid distributor as In claim 1 2, where- 
in the Inlet and the cutlet are at the edge of tha dis- 
tributor. 

14* "The electrode fluid distributor aa in claim 1, further 
comprising a plurality of fluid passageway* (304) 
each extending In substantially the same direction. 

13. The electrode fluid distributor as In claim 1 4, where- 
in the Inlet and the outlet are at a same aide of the 
distributor. 

1 3. The electrode fluid distributor as In claim 1 4, where- 
in the Inlet and the outlet are at opposite sides of 
the alstrfbutor. 

17. An electrode fluid distributor, comprising: 

a fluid passageway (204) capable of overt fluid 
flow to a plurality of segmented poiUona of the 
fluid passageway (204). 

16. A eolld oxide fuel cell comprising: 

a first electrode (210); 
a second electrode; 

an electrolyte between said first electrode and 
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said second electrode; and 
en Interconnect at laaat In partial fluid ownmu- 
nieatton with aatd first alactrode, said Intercon- 
nect comprising a fluid passageway (204) hav- 
ing aol&cent eegmarrt palre each comprising an * 
Inlet segment <232) and an adjacent outlet aag- 
rnant (234), said inlet logmants (232) In fluid 
communication with an Inlet, a aajd outlet seg- 
ments (234) In fluid oornmunlcation wtth an out- 
let, and a baffle (242) dispeaed between adja- 10 
cent inlet (232) and outlet segments (234), 

wherein each Inlet segment la In fluid commu- 
nication with adjacent Inlet aejynsnta and adjacent 
outlet segments, and further wherein each outlet i* 
aepnant la In fluid communication with adlacent 
outlet segments. 

19, A method of fluid transport comprising overfly di- 
recting a freah fluid Into Individual eepnienta of en *° 



20. A method of fluid transport comprising: directing a 
fresh fluid flow to a plurality of discreet eeotlone of 

sn sUotrode surface, tha fluid el each section re- 2* 
acting wtth the eleetrode forming spent fluid such 
that substantially no spirt fluid flows to a subse- 
quent section of the electrode surfaca* 

21, The method as in Claim 20. wherein the fluid flow so 
|» directed through an Inlet channel comprising a 
plurality of Inlet se&msnta (232) and the spent fluid 

to directed through an outlet channel comprising a 
plurality of outlet segments (234), wherein fluid 
flows between the Inlet segment (232) and the out- *a 
lat segment (234) adjacsht to a dlacreet section 
through a passage (244) In a baffle (242). 

22. The method 93 In dalm 21, wherein a substantial 
portion of fluid flow between the inlet eegmem (232!) <c 
and the outfet segment (234)adjacent to a discreet 
section through tha passage (244) In tha baffle 
(242) Is at the eleetrode surface. 

23. The method as In claim 21 , wherein a substantial 
• portion of the fluid flow In the Inlet channel and In 

the outlet channel b not at the electrode eurfaoe 

24. The method as In dalm 20, whersln each section 
receive* substantially ths seme flow rata of tha so 
same concentration fluid. 
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